The formulation of four-dimensional variational data assimilation allows the incorporation of constraints into the cost function which need only be weakly satisfied. In this paper we investigate the value of imposing conservation properties as weak constraints. Using the example of the two-body problem of celestial mechanics we compare weak constraints based on conservation laws with a constraint on the background state. We show how the imposition of conservation-based weak constraints changes the nature of the gradient equation. Assimilation experiments demonstrate how this can add extra information to the assimilation process, even when the underlying numerical model is conserving. 
Introduction
Data assimilation for numerical weather prediction (NWP) aims to use information from observations together with a numerical forecasting model to produce the best estimate of the state of the atmosphere. Many operational forecasting centres have moved towards variational assimilation techniques, in which the analysis is found by minimizing a function measuring the distance between observations and the model state. However since the observations themselves are insufficient to determine the atmospheric state, extra constraints must be incorporated into the variational problem. Such constraints fall into two categories, strong constraints, which must be satisfied exactly, and weak constraints, which need be only approximately satisfied (SASAKI, 1970) . Of the first type the most common approach is to incorporate the numerical model as a strong constraint, so that a sequence of states over a time interval of observations must satisfy the model equations. This leads to the method of four-dimensional variational assimilation (4D-Var), which is now operational in many forecasting centres (RABIER et al., 2000; LAROCHE et 
